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Sy n o p s is *
This paper reports a study of the relative durability of air-entrained 
concrete compared to normal Portland cement (cement to which no 
air-entraining agent has been added) concrete, using coarse aggregates 
with varying field performances. Durability in this report is defined 
as the resistance to repeated laboratory cycles of freezing and thawing 
and is measured in number of cycles. The work was conducted under 
the combined auspices of the Bureau of Materials and Tests of the 
State Highway Commission of Indiana and the Joint Highway Re­
search Project of Purdue University and was financed by the State 
Highway Commission of Indiana. Two gravels, one bad and one 
fair in field performance, and two limestones, one bad and one 
good in field performance, were used as coarse aggregates in this 
study. The moisture condition of the aggregate was controlled by 
immersing it for 24 hours or by evacuating and saturating it. Two 
hundred and forty 3- by 4- by 16-inch beams were made, representing 
48 batches of 5 beams each. A maximum-size aggregate of one inch 
and a cement factor of approximately six bags per cubic yard of 
concrete were employed. The air content of the concrete was measured 
by the pressure method and varied from 0.1 percent to 7.5 percent. 
The beams were subjected to alternate cycles of freezing at -8° F. 
partially submerged in water, and thawing at 60° F. in running water 
until their dynamic modulus of elasticity was reduced 30 percent or 
until 100 cycles of freezing and thawing had been completed.
* Reprints of the complete paper, which appeared in the Highway Research 
Board Proceedings, 1947, may be secured from the Joint Highway Research 
Project, Purdue University. Since it has been printed already, we are omitting 
it here in the interest of economy.
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The presence of entrained air caused a slight reduction in the 
water requirement, the flexural strength, and the dynamic modulus of 
elasticity of concrete, and increased the durability from 5 to 50 times, 
depending upon the quantity of entrained air and the coarse aggregate. 
Laboratory results for normal Portland cement concrete closely par­
alleled the aggregates’ field performance. Increases in the air content 
of only 0.3 percent in normal Portland mixes (with air contents in 
the range of 0 percent to 1 percent) significantly increased the dur­
ability of the concrete. W ith a given aggregate the most durable con­
crete was made with air entrainment and immersed aggregate; the 
least durable concrete was made with normal Portland cement and 
evacuated aggregate. An air content of three percent appeared to be 
adequate to produce durable concrete except for very porous coarse 
aggregates placed in concrete in a highly saturated condition.
